The 2nd Stability of High-n Ballooning Modes in Currentless L = 2 Heliotron/Torsatrons by N." "Nakajima
§ 16. The 2nd Stability of High-n Ballooning 
Modes in Currentless L = 2 Heliotron/ 
Torsatrons 
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Based on the model equation of the high-
n ballooning modes in the L = 2 he-
liotronltorsatrons, we can discuss the possibil-
ity of the 2nd stability of the high-n balloon-
ing modes in the stellarator-like global mag-
netic shear region, s < 0, by using the energy 
principle. More simplified model equation with 
essential parts of the finite-(3 effect (Shafranov 
shift) is obtained by neglecting the effect of the 
large Shafranov shift except for the local mag-
netic shear: 
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a and 8 indicate the label of the magnetic field 
line and the averaged magnetic well ( 8 < 0) 
or hill (8 > 0), respectively. Et and ch cor-
respond to toroidicity and helicity of helical 
coils, respectively. Note that the influence of 
the helicity of the helical coils, i.e., the three 
dimensional property denoted by the label of 
the field line a is included only in the normal 
and geodesic magnetic curvature terms through 
the magnetic field strength except for the Slnall 
correction in the inertia term. 
Creating the quadratic form of Eq. (1) in 
terms of an appropriate Gaussian type trial 
function, we can see 
n2 = 8Ws- 8Wc 
8Wi ' 
where three terms in the right-hand side have 
the quadratic form with respect to a. 8Ws(> 0) 
and 8Wi ( > 0) are stabilizing term due to the 
field line bending and inertia term, respec-
tively. The coefficients of a2 in both terms are 
positive definite. 8Wc is the destabilizing term 
due to pressure gradient in the locally bad mag-
netic curvature, which has the following form: 
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where a~ (> 0) comes from the integration 
of geodesic curvature and a part of A and the 
second similarity in Eq. (2) holds around the 
flux surface with the maximum pressure gra-
dient. Note that the sign of the coefficient of 
a2 depends on the sign of 1 + 3s + r (3" I (3' or 
1 + 3s. When s > 0 as tokamak-like shear 
' the sign of the coefficient of a2 is negative, 
leading to the 2nd stability. When s < 0 as 
stellarator-like shear, however, the sign of the 
coefficient of a2 becomes positive if the condi-
tion of 1 + 3s + r sf3" I (3' < 0 or 1 + 3s < 0 is 
satisfied, [1, 2] which leads to the expectation 
that once high-n ballooning modes become un-
stable in the region with strong stellarator-like 
global magnetic shear, the 2nd stability is un-
likely to occur or the pressure giving the 2nd 
stability is quite high. Refutation for this ex-
pectation from model equation has not been 
numerically obtained yet. 
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